years of age, who entered the ~Iassachusetts General Hospital September 26, 1898. Her family and personal history were good and she was the mother of twelve healthy children. During the last three years she had suffered from attacks of gall-stones, and on this account came to the hospital for operation. This was performed on September 29. The patient's condition became so critical while upon the operating-taMe that the gall-bladder alone was emptied of stones and a biliary fistula made, the duct being left untouched.
After the operation the discharge of bile from the weund was constant, the stools remained colorless, and repeated tests failed to show the presence in them of bile acids. It was during the convalescence between December 20 and 31 that the following investigations were made.
The experiment was divided into three periods, similar in all respects save that in the middle period the patient received thirty ~ammes (ff dried ox bile. The beginning and the end of the experiment, as well as the different periods, were marked off by the patient's taking the charcoal mixture recommended by F. Miiller2 In each instance the change in the period was definitely shown by the dark color of the stools. The bowels showed no tendency at any time to constipation or diarrhoea. During these twelve days the patient passed about two-thirds of the twenty-four hours in bed, and fo.r the remainder of the day was up and about her room.
All of the food which the patient ate was prepared and weighed in the laboratory. The diet consisted essentially of bread and butter, thin cream, eggs, sugar and beef. The percentage of nitrogen and of fat was determined in each article of food, double analyses being made daily in the case of the cream.
The urine was collected daily and the amo.unt and specific gravity noted. The nitrogen in 5 cc. from the twenty-four ho~rs' amount was determined by the Kjeldahl method, and the urea with Squibb's apparatus, control analyses being made in both cases. The stools for each period, with the wash-water made use of in cleaning the utensils, were made slightly acid with a few drops of concentrated sulphuric ~Untersuchungen fiber Icterus. Zeitschr..f. klin. "IIedicin, 1887, xii, p. 45. acid, and were then evaporated over the water-bath, special care being taken to stir them ~horoughly and frequently. The stools did not become solid while over the water-bath, but on removal from the same assumed a firm honsisteney, though not sufficiently so to allow of reduction to a powder. They were then weighed, and the total percentage of fat determined by double analyses.
The fat was first extracted with ether alone. The residue was then stirred in a porcelain dish with an 8 per cent alcoholic solution of hydrochloric acid and the mixture slowly evaporated to dryness. This residue was then ground up with sand, placed in a fat-extraction thimble and extracted again. It was found simpler to extract the fat in two stages owing to the large amount of fat present in the stools.
The bile was collected at six-hour intervals and the amount, specific gravity and the percentage of solids in the twenty-four hours' amount determined. The fistula caused much annoyance, as it did not admit of the satisfactory use of any cannula. The house officer, Dr. LeCompte, tried many devices, but it was impossible to prevent leakage. On this account that portion of the bile which was not collected in the flask worn by the patient was caught in the dressings, which were arranged for this purpose, and was subsequently extracted from them with water. This watery extract was then filtered, and the filtrate evaporated to constant weight. As the percentage of solids in the bile each day had been calculated, the amount of bile absorbed in the dressings was easily estimated. That the method was sufficiently accurate is shown by a comparison of the total amount of bile in the first and third periods. In these the amounts of bile are seen to be nearly the same, in spite of the fact that in the first period there was no lea]cage from the cannula, while in the third period only half the total quantity was collected through the cannula, the remainder being caught in the dressings.
Bile was given to the patient in the second period in the form of bile pills; each pill representing 0.35 gramme dried ox bile. To render these less liable to change in the stomach they were coated with salol--4 grammes to the 100 pills. Of these the patient took 30 daily, a total of 130 in four days, or 30 grammes ox bile and about 5 grammes salol.
The Influence of Bile o~ Metabolism
Three months a£ter the conclusion of this experiment the patient was operated upon again by Dr. Mixter. The common duct was found to be occluded with gall-stones of soft consistency, These were removed through an incision in the duct, and its complete patency into the duodenum once more established. The fistula ceased to discharge and the patient reco,cered. The patient then underwent another metabolism experiment of three days' duration, for the determination of her digestion under normal conditions of bile-secretion.
The following tables give the results of these two experiments and require no explanation. Table I gives the ingesta of the patient during the first period, before bile was ~ven. Table II gives the ingests of the pagent during the second period, during which bile was taken by the mouth. Table III gives the ingests agsln without bile medication. Table IV gives the total quantity of bile and bile-solids collected during the three different periods.
TaMe V gives the excreta of the three periods. Table VI gives the ingests in the experiment after the operation by means of which free communication through the bile-duct between the liver and duodenum was once more established. Table ~TII gives *.he excreta in the experiment after the operation. KSnig.
In addition to the above articles of food, one orange and a small amount of lettuce or celery and a cup of tea and coffee were given daily ; also about 75 cc. of sherry in each of the three periods. The dressings were extracted several times with water until all trace of bile was removed.
The extracts were then filtered and the filtrates evaporated and dried to constant weight.
In Period II the dried bile-solids thus obtained were 18.8819 g. But the per cent of solids of the bile obtained in this period by the cannula was 1.708... 1.70 : 100 : : 18.3819 : x = equivalent amount of bile obtained by extraction, i. e., 1079 cc. In Period III the dried bile solids obtained from the dressings amounted to 10.6772 g.--equivalent to 751 cc. The digestion of fat was. respectively 23.3 per cent and 16.7 per cent better in the bile period than in the 1st and 3d periods, in which no bile was given.
The digestion of nitrogenous food was respectively 12 per cent and 4.5 per cent better in the bile period than in the other periods.
The bile-solids were increased in the bile period 38 per cent and 60 per cent respectively above the amounts in the 1st and 3d periods. The excess of bile-solids in this period was equivalent to nearly onehalf the amount of bile given during this time. Four other experiments were also performed--one on a human being and three on dogs with biliary fistulae. Since these failed to be satisfactory in all particulars, only a brief resum~ of this part of the work will be given.
Experiment 1 was performed upon a healthy woman, October 4-16, 1897. She was given in the second period of four days 20 grammes of dried ox bile. Notwithstanding the fact that the amount of fat in the food reached nearly 200 grammes a day, it was so well assimilated that it left no appreciable chance for improvement in its absorption during the bile period.
Experiment 2 was performed on a dog February 5-25, 1898. The common duct was ligated in two places and severed. The gall-bladder was then opened and a glass cannula, extending for 4 cm. beyond the abdominal wall, ~nserted. The dog recovered quickly from the operation and at the end of two weeks the wound was so well healed that he was ready for use. The diet consisted of dog-bread ground up and mixed with lard. The animal was kept in a cage with double bottom and fed twice a day. The experiment was divided into four periods, in the third of which the dog was given 12 grammes ox bile. The second period showed a loss of fat in the stools of 46 per cent as contrasted with 52 per cent in the first period. Such figures, however, are not conclusive when one is dealing with large amounts of fat.
The third and fourth periods are not of value because the dog had diarrhoea, due either to the bile pills or to the fat in the food. This not only interfered with the absorption of the fat, but prevented accurate separation of the stdols.
Experiment 3. The dog was prepared in the same way as in the preceding experiments. IIe wore a muzzle throughout the experiment and for the three and one-half days preceding. The experiment was of 15 days' duration (,Tune 30 to July 15, 1898), and divided into periods of five days each. In the second of these, the dog received 17.5 grammes of the dried ox bile.
Yet though the amount of fat in the diet was lessened from 80 grammes to 40 grammes a day, diarrhoea appeared as before aggravatingly near the end of the bile period. The results were, therefore, inconclusive. The literature on this subject up to 1897 was given in detail by Pfaff and Balch ~ in their paper. Albu 5 has since brought the matter up to date. It will be only necessary therefore for me to state my c(mc]usions. a Op. tit.
Zur Physiologie und Pathologie der Gallensecretion, JBerl. klin. W'ochenschr., 1900, p. 866. which there is diarrhoea, due apparently to large amounts of fat in the food, it has the opposite effect.
5. As to the general effect of bile on body metabolism, it was observed that the urea and nitrogen were excreted in greater amount in the bile period than in either of the others. No definite conclusions can be drawn from this fact, because more nitrogen was ingested during these four days; moreover, it must be borne in mind that in these results the salol may have been a factor.
6. The amount of urine was increased by more than 50 per cent in the bile period. It is interesting to note that the amount was about the same during this bile period as in the second experiment when the bile was again taking its natural course. Von Iqoorden 7 has recorded a similar increase in the amount of urine following the removal of the obstruction in acute catarrhal jaundice. The salol coating of the bile pills, which amounted to (me and a quarter grammes a day, is not sufficient to account for this effect. This is evident from the work of Kumagawa, s who gave two grammes of sodium salicylate daily to a dog of 25 kilos without essentially changing the amount o~ urine secreted. On the o,ther hand, in taking the 30 pills daily the patient drank several extra glasses of water, and in the second experiment her general condition was naturally better than at any other time.
Pathologie des Stoffwechsels, p. 281, Berlin, 1893. s Virchow's Archiv, 1888, cxiii~ p. 134.
